Abstract
In this study we focus on the geochemistry of chromium (Cr) an element that has several 119 geochemical properties that make it an ideal tool to investigate the formation of the Moon is negligible compared to the 1000 ng processed through the columns. 
Mass spectrometry

241
Chromium isotopic analyses were performed with a ThermoFisher Neptune multi-collector 242 inductively coupled plasma mass spectrometer (MC-ICP-MS) at the Open University (UK).
243
Solutions were introduced into the mass spectrometer using an Aridus II desolvator system.
244
Detailed description of the setting used for the Cr isotopes measurements has been previously Chromium isotope measurements were performed in medium mass resolution mode (M /M 248 > 5500), which ensures that polybaric interferences are resolved from the isotopes of interest. 
266
The accuracy of our method was determined with multiple measurements of the NBS SRM and we can therefore study the smaller differences in δ 53 Cr which are expected in silicate 282 samples.
284
Chromium concentrations and chromium isotopes in mare basalts
285
The Cr concentrations in the mare basalts analysed in this study range from 1410 to 6075 µg is also a good correlation between Cr concentration and TiO 2 concentration.
289
The Cr isotopic compositions of lunar samples analysed in this study are reported in Table 1 290 together with other geochemical data. Lunar samples are characterised by relatively small and TiO 2 . Given our uncertainty and the range of δ 53 Cr values in both high-Ti and low-Ti 302 samples, there is no clear distinction between low-Ti and high-Ti basalts (Fig. 3c) in low-Ti basalts, with decreasing Mg# (Fig. 2) , can be explained by the fractional 382 crystallisation of first pyroxene, followed by pyroxene and spinel together (Fig. 4) (Fig. 4) .
401
The Cr-bearing minerals in high-Ti basalts are the same as for low-Ti basalts except that in the same way as the Apollo 12 basalts (Fig. 2b) variation observed in the lunar samples.
442
As described in the previous section, the Cr-MgO trends can be reproduced by fractional 443 crystallisation (Fig. 4b) Cr is small (<-0.1‰, Fig. 5b Cr-spinel is heavier because of equilibrium fractionation between the melt and spinel.
465
Chromium bond-length (which is linked to the oxidation state) and the coordination number 466 in the mineral structure control the amount of equilibrium fractionation. In the case of spinel,
467
the preference for Cr 3+ and its location in the octahedral site potentially produce greater 468 isotopic fractionation. A second hypothesis is that Cr 3+ in the melt is heavier than Cr 2+ .
469
During fractional crystallisation of spinel, Cr 3+ will be preferentially taken by the 470 crystallising phase resulting in an isotopically heavy spinel relative to the melt. Further 471 experimental work is required to unravel which mechanism is the most likely.
Similarities in δ 53 Cr between high-Ti and low-Ti basalts
474
The low-Ti and high-Ti basalts have an average Cr isotopic composition of -0.215 ± 0.058 ‰ 475 and -0.229 ± 0.074 ‰ respectively (Table 1) . However, the samples analysed in this study and Stewart, 2012) and a similar size for the proto-Earth and the impactor (Canup, 2012) .
512
Although some of the samples analysed in this study have been affected by magmatic 513 differentiation (Fig. 3a) , we follow other studies (e.g. Warren and Taylor, 2014) Cr of the melt (δ 53 Cr melt ) is calculated using δ 53 Cr melt = (δ 53 Cr initial + 
